Abstract: The aim of this study was to examine the correlation among socio-behavioral factors, caries status and caries risk, calculated through Cariogram, in an adult population. Four hundred eighty subjects (mean age 40.73, SE ± 0.33) randomly selected from the municipal electoral registry consented to participate in the survey. Subjects were examined, and the International Caries Detection Assessment System (ICDAS) index was registered. A highly structured questionnaire was submitted to investigate (1) personal data (i.e., age, gender, educational level, job categorization), (2) life-style behavior (i.e., smoking and dietary habits), and (3) oral health behavior (i.e., tooth brushing, use of fluoride and dental check-up frequency). An evaluation of the mutans streptococci concentration in saliva was also performed. Information on caries-related factors was entered into the Cariogram in order to generate an individual caries risk profile for each subject. Multinomial logistic regression was performed using Cariogram levels as the dependent variable. The possible correlated variables were analyzed using the principal component analysis (PCA). Considering ICDAS scores, 5.62% of the sample had at least an initial decay (ICDAS = 1-2), whereas 40.83% of the sample presented at least one moderate decay (ICDAS = 3-4) and 17.08% a severe decay (ICDAS = 5-6). Decay at ICDAS levels 5-6 and more than 5 missing teeth were statistically associated with Cariogram scores (OR = 2.36, 95%CI = 1.83-3.03 and OR = 1.43, 95%CI = 1.13-1.82, respectively). The results suggest that the Cariogram model was able to identify caries-related factors in an adult population. A direct association among the risk categories from Cariogram, the caries status and some socio-behavioral variables was verified.
Introduction
Although children are the primary recipients of caries prevention programs in the Western world, dental caries is still one of the primary causes of tooth loss among adults. 1, 2, 3, 4 Among the clinical risk factors, mutans streptococci play an important role in the development of dental caries. However, the focus on the non-biological determinants of the disease (socio-behavioral and environmental factors) is essential. 5 A lower educational level has been statistically associated with greater severity of dental caries in adults. 6, 7 Among the prediction models available, 8 Cariogram
Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
software has been developed and validated to illustrate graphically the chance of an individual avoiding caries in the near future. 9, 10, 11, 12 Cariogram has been used to predict caries in children, 12 adults 13, 14, 15, 16, 17, 18, 19 and the elderly, 20 and the scientific evidence regarding its prediction efficiency is still questionable. For adults, despite some studies reporting a high predictive value for Cariogram risk levels, 13, 18 other studies have not found a correlation between caries experience and any single risk factor proposed by Cariogram. 17, 19 The use of Cariogram in an adult population might be useful to try to modify caries-related behaviors and increase patients' motivation.
Common outcomes used in studying the epidemiology of dental caries, such as DMFT and DMFS indices, may be insufficient for investigating the risk factors that lead to specific patterns of decay.
21,22
The International Caries Detection Assessment System (ICDAS), based on the best available evidence for detecting early and later stage caries severity, should lead to the acquisition of better quality information to support decision-making at both individual and public health levels. 22, 23, 24 For clinical application, the ICDAS Foundation developed an ICDAS code with merged categories called the International Caries Classification and Management System (ICCMS TM ). 25 The aim of this study was to examine the correlation among socio-behavioral factors, caries status and caries risk, calculated through Cariogram, in an adult population.
Methodology Study design
The present study was carried out in Sassari (Sardinia, Italy) and lasted 14 months, from September 2012 to October 2013. The study design was registered (2013_01_21_a) by the Sassari local office of the National Bioethics Committee.
Data from the Italian National Institute for Statistics for 2011 showed the number of 35-45 year-olds in the town of Sassari to be 22,614. A power analysis was performed using G*Power 3.1.3 for Apple, logistic regression, an odds ratio of 1.5, and an error probability of 0.04, and the total sample size was set at 432. A letter explaining the purpose of the study and the informed consent were distributed to 5% (1131 subjects) of the age group considered living in Sassari through the collaboration of the municipal electoral registry office; 577 subjects (51.02% acceptance rate) agreed to participate, 82 did not attend the examination and 15 did not completely fill out the questionnaire (Figure 1 ).
Questionnaire
A simplified structured self-compiled questionnaire and an informed consent form were submitted to the participants. The questionnaire was previously used in a large sample (2908 subjects) of Italian soldiers. 4 It was divided into different domains: (1) personal data (i.e., age, gender, educational level, job categorization), (2) life-style behavior (i.e., smoking and dietary habits), and (3) oral health behavior (i.e., tooth brushing, use of fluoride, and frequency of dental check-ups).
Caries assessment
One calibrated examiner (GiC) performed all the dental screenings. Intra-and inter-examiner reliabilities were assessed before the beginning of the survey by examining and re-examining (after 72 h) 55 study participants. Inter-examiner reliability was evaluated using fixed-effects analysis of variance in comparison with benchmark values (GC). Intra-examiner reliability was assessed as the percentage of agreement using Cohen's kappa statistic. 26 Good inter-examiner reliability was found for the ICCMS TM (merged ICDAS) score 1-2, 3-4 and 5-6, with no significant difference from benchmark values (p = 0.15) and a low mean square of error (0.47). Intra-examiner reliability was also high (Cohen's Kappa statistic = 0.88). Subjects were examined sitting on an ordinary chair, with a mouth mirror and a Community Periodontal Index probe under optimal lighting. Subjects were categorized according to maximum ICDAS scores.
The number of missing teeth due to caries was categorized as follows: no missing teeth, 1-2 missing teeth, 3-5 missing teeth and more than 5 missing teeth. The presence of fillings was classified as: no fillings, mainly tooth-colored restorations, mainly amalgam restorations and the presence at least of one crown. Plaque index was assessed in the buccal surface using the Silness & Löe's scale.
Microbiological evaluation
After the clinical examination, an evaluation of the mutans streptococci (MS) concentration in saliva was performed. No-stimulated whole saliva was collected over 150 seconds in sterile vials (Nunc, Kamstrup, Denmark). The samples were processed within 45 minutes after collection, and the analysis was carried out using CRT BACTERIA (Ivoclar, Vivadent AG, Schaan, Liechtenstein). The presence of mutans streptococci over 10 5 CFU/ml suggests a high caries risk.
Caries risk assessment using Cariogram
Information on caries-related factors was collected and entered into Cariogram. 9, 10, 11 The six caries-related factors listed below were included in the Cariogram software. 9, 10, 11 Caries experience was recorded using the WHO basic report enclosed in the ICDAS evaluation, which allowed the calculation of the DMFT of the population. 1. Diet content (from questionnaires); 2. Diet frequency (from questionnaires); 3. Salivary levels of mutans streptococci (from CRT Bacteria); 4. Plaque amount and grade of oral hygiene (from clinical examination);
Related general diseases (from questionnaires); 6. Fluoridation program (from questionnaires).
A score of 1 in all cases was assigned for clinical judgment in order to produce a standard value.
The "chance to avoid new caries in the future" was calculated, and the subjects were divided into three groups: low risk (61-80%), medium risk (41-60%) and high risk (21-40%).
Statistical analyses
Descriptive statistics and crosstabs were calculated to investigate the relationship between dental health and different risk factors. The reference for each variable was set as follows: gender (male); caries status (ICDAS 5-6); type of dental treatment (presence of at least one crown); number of missing teeth due to caries (more than five teeth); educational level (middle school degree); occupational status (unemployed); smoking habits (yes); frequency of toothbrushing (once a day); and frequency of dental check-ups (when in pain).
A chi-square test was conducted for each variable and the level of caries risk measured by Cariogram. Multinomial logistic regression was performed using Cariogram levels as the dependent variable. The possible correlated variables were analyzed using the PCA. 27 The performance of Cariogram in predicting caries in the near future was evaluated by receiver operating characteristic (ROC) analysis. 28 The p-values < 0.05 were considered statistically significant. All data were analyzed using v10.1 software for Macintosh produced by STATA ® (STATA Corporation, College Station, Texas).
Results
The study population consisted of 480 subjects (mean age 40.7, SE ± 0.3), 52.9% males and 47.1% females. The caries prevalence in the sample was 57.9%. The sample distribution by gender across the clinical data for ICDAS scores (initial caries ICDAS 1-2, moderate caries ICDAS 3-4, and extensive caries ICDAS 5-6) and dental treatment is displayed in Table 1 . Almost half of the sample (47.9%) had at least one missing tooth due to caries. The mean number of sound teeth registered was 24.8 (SE ± 0.2). Each subject presented an average of 3.7 (SE ± 0.1) tooth-colored restorations, 3.0 (SE ± 0.1) amalgam restorations and 1.58 (SE ± 0.14) crowns. Regarding the questionnaires, 17.9% of subjects had graduated from middle school, 47.3% (most) had graduated from high school, and 34.8% (a quite high percentage) had a university degree. Additionally, 60.4% of the sample brushed their teeth three times a day. Only 26.7% of the subjects were smokers, and most of them had been smoking for more than 5 years (data not in table).
Relating to caries risk, the majority of the sample (78.1%) presented a medium caries risk (41-60% of chance to avoid new caries lesions in the future), 18.8% had a high caries risk (< 41% of chance to avoid new caries lesions in the future) and 3.1% had a low caries risk (> 60% of chance to avoid new caries lesions in the future). Table 2 shows the results of a chi-square test between the level of caries risk, calculated through Cariogram software, and background variables. A statistically significant association was evident between the caries risk and ICDAS score (p < 0.01). A statistically significant association was found between the level of caries risk and the following factors: number of missing teeth due to caries (p = 0.01), educational level (p = 0.04), smoking habit (p = 0.01), frequency of toothbrushing (p = 0.02) and frequency of dental check-ups (p < 0.01).
A multinomial logistic regression model was run for caries risk factors (Table 3) , and the Cariogram score was used as a dependent variable. The presence of caries lesions at a ICDAS level 5-6 and the presence of more than 5 missing teeth were statistically associated with Cariogram scores (OR = 2.36, 95%CI = 1.83-3.03 and OR = 1.43, 95%CI = 1.13-1.82, respectively).
PCA was performed on the data set, first on the total sample and in the two main groups stratified by Cariogram scores (caries medium-risk group and high-risk group); the low caries risk group was too small, and PCA was not performed. In all PCAs, the first two eigenvalues, obtained from the distance matrix between groups, collectively accounted for more than 66.0% of the total variance (86.1%; 59.4 and 26.8%, respectively in the total sample; 52.5% and 21.1% respectively and 66.3% in the high-risk group 42.7% and 23.6% two eigenvalues respectively). Figure 2 displays the Orthogonal Rotation (Varimax) of the first two principal coordinates in the total sample and in the two main groups stratified by Cariogram scores. In the total sample, the Cariogram score, the Bacteria and the Susceptibility sectors from Cariogram tended to form a separate cluster with a high goodness of fit (63.7); also, number of missing teeth due to caries, smoking habit and circumstances from Cariogram tended to form another cluster with a high goodness of fit (61.8); however, level of education, gender and job categorization were clearly separated from the other variables. Severe caries status (ICDAS 5-6), number of missing teeth due to caries higher than 5, unemployment, smoking and male gender tended to form a cluster with a medium-high goodness of fit (0.5-0.7) in the high-risk group. In the medium-risk group, no clear cluster was identified, and all variables stood separated from each other. The sensitivity and specificity between ICDAS scores and Cariogram, measured by ROC analysis, were 0.8 and 0.9, respectively, so the gain in certainty was 1.7, while the area under the ROC curve was 0.9 (data not in table). 
Discussion
Because caries distribution is remarkably uneven, an accurate assessment of caries risk would allow a better use of limited resources. 8 A computer caries assessment system might represent a helpful tool to assess caries risk before the development of the disease. 9,10,11 A simplified computer caries assessment system, with the exclusion of two risk factors, may be used in clinical practice, when a full inclusion of risk factors is not achievable. 13 Little information exists on the performance of Cariogram in adult individuals, 10, 13, 14, 15, 16, 17, 18, 19 so the aim of this study was to describe the relation among caries status, background variables and caries risk as calculated with Cariogram. More than two-thirds of the sample showed a medium risk, and most of the remaining sample showed a high risk of future caries development. These findings showed a statically significant association with the caries status and the number of missing teeth due to caries, measured using ICDAS criteria. Similar results were reported in Spanish young adults with a statistically significant association between the caries risk profile determined by Cariogram and past caries experience. 16 Otherwise, in a high-caries adult population, different results were found, e.g., the Cariogram risk categories did not fit with caries experience. 17 Such a result was probably due to the hypothesized poor ability of the Cariogram to properly clarify the association between caries risk and caries experience in a high-caries population. Nevertheless, a direct association between the categorized outcomes of the Cariogram and caries status was found in a group of Saudi adults with several dental restorations.
14 Caries still remains an important reason for tooth loss, 1, 2, 29 and the results of this paper noted the association between this variable and the caries risk profile measured by the Cariogram model. Moreover, the multinomial logistic regression outcome underlines an association between the Cariogram score and the higher ICDAS score and also the higher number of missing teeth. Among background variables, educational level, smoking habit, frequency of toothbrushing and frequency of dental check-ups showed a statistically significant association with Cariogram risk groups. In particular, the educational level is one of the most frequently used socioeconomic indicator: a lower educational level has been statistically associated with a greater prevalence of dental caries. 6, 7 The finding of a statistically significant association among the Cariogram score and socioeconomic and behavioral variables is quite new and interesting because it highlights that even if the Cariogram model includes proximal risk factors for caries almost exclusively, distal risk factors, such as smoking and educational level, are strongly correlated with the risk assessed through the Cariogram.
PCA supports the concept that caries risk is divisible into patterns attributable to distinct risk factors that work in accord. In the total sample, two different clusters might be noted: the first centered on a Cariogram score with two Cariogram sectors, Susceptibility (fluoride program, saliva secretion and buffer capacity) and Bacteria (plaque amount and MS), while the second is the association of a high number of missing teeth due to caries, smoking habit and circumstances (caries experience and related diseases), which further supports the involvement of environmental risk factors on the caries pattern. The interpretation of the PCA on the Cariogram high-risk group is that those with a severe caries status (ICDAS 5-6), with a high number of missing teeth due to caries, who are unemployed, smoke and are male tend to be strictly associated with a distinct disease pattern. Socioeconomic indicators often have a heavy impact on biological factors, influencing variables such as diet or oral hygiene habits. 5, 7, 29 Therefore, it is possible to suggest that those who have no job are more likely to have more caries, lose more teeth due to caries, and have no economic resources to receive dental treatment because, in Italy, public dental services for adults are very limited and dental care has to be paid directly by the patient.
This study benefited from several strengths, as a large sample and the surface-level caries assessment that made the different modeling of caries patterns possible. A limitation would be the non-generalizability of the results. The studied population belonged to a medium-low socio-economic group living in an area with a low mean income per capita. It is possible that, in a population with different socio-economic and behavioral variables, distinct risk factors may have an influence on caries disease.
Conclusion
In conclusion, the Cariogram model was able to identify caries-related factors in an adult population. A direct association among the risk categories from Cariogram, the caries status and some socio-behavioral variables was verified.
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